Knowledge about the transmission, prevention, and treatment of HIV remains a critical element in psychosocial models of HIV risk behavior and is commonly used as an outcome in HIV prevention interventions. However, most HIV knowledge questions have not undergone rigorous psychometric testing such as using item response theory. The current study uses data from 6 studies of men who have sex with men (MSM; n = 3565) to 1) examine the item properties of HIV knowledge questions, 2) test for differential item functioning on commonly studied characteristics (i.e., age, race/ethnicity, and HIV risk behavior), 3) select items with the optimal item characteristics, and 4) leverage this combined dataset to examine the potential moderating effect of age on the relationship between condomless anal sex (CAS) and HIV knowledge. Findings indicate that existing questions tend to poorly differentiate those with higher levels of HIV knowledge but items are relatively robust across diverse individuals. Furthermore, age moderated the relationship between CAS and HIV knowledge with older MSM having the strongest association. These findings suggest that additional items are required in order to capture a more nuanced understanding of HIV knowledge and that the association between CAS and HIV knowledge may vary by age. .
INTRODUCTION
Knowledge of the transmission, prevention, and treatment of HIV has been a focus of research since the early days of the HIV/AIDS epidemic. This work has been particularly important given that several models of health behavior identify knowledge as a prerequisite to health behavior change (Fisher & Fisher, 1992; Hughes & Admiraal, 2012) . Following early scales developed to assess HIV knowledge (Ferguson, Cox, Irving, Leiter, & Farnsworth, 1995; Mccown & Johnson, 1991) , Carey, Morrison-Beedy, and Johnson (Carey, Morrison-Beedy, & Johnson, 1997) developed and validated a 45-item scale that became one of the most widely used measures of HIV knowledge. Subsequently, they developed a shorter 18-item version which had strong internal consistency, test-retest reliability, and correlation with the 45-item version (Carey & Schroder, 2002) .
However, despite the continued inclusion of HIV knowledge as an outcome in the evaluation of HIV preventive interventions (Herbst et al., 2005; Medley, Kennedy, O'Reilly, & Sweat, 2009) , studies assessing the association between HIV knowledge and HIV risk behavior have been decidedly mixed. For example, several studies (Kalichman, Picciano, & Roffman, 2008; Nelson et al., 2015; Newcomb & Mustanski, 2014a; Scott-Sheldon et al., 2010; Walsh, Senn, Scott-Sheldon, Vanable, & Carey, 2011) have found no significant direct relationship between HIV knowledge and condom use while other studies have found a positive association (Bazargan, Kelly, Stein, Husaini, & Bazargan, 2000; Villar-Loubet et al., 2013) . The lack of consensus on this association may be partially explained by the wide variety of study populations included in these studies as well as the potential for indirect relationships between HIV knowledge and sexual risk behavior, such as mediating relationships through self-efficacy or intentions to use condoms (Eggers, Aaro, Bos, Mathews, & de Vries, 2014) . Furthermore, a systematic review of HIV knowledge measures (Hughes & Admiraal, 2012) indicated that many studies examining HIV knowledge used scales that have not undergone psychometric testing. While Carey and Schroder's (Carey & Schroder, 2002) scale has undergone psychometric testing and validation, one study revealed that the scale may not perform well (e.g., have lower internal consistency) for certain subpopulations such as men who have sex with men (MSM) (Oglesby & Alemagno, 2013) . This is particularly problematic given the continued substantial impact of HIV on MSM in the US. For example, MSM represented 66.7% of estimated new HIV infections in 2014 (Centers for Disease Control and Prevention, 2015) .
In addition, the scale has yet to be evaluated in a US sample using modern psychometric approaches such as item response theory (IRT), which could provide additional insights about the properties of individual items. Given that good measurement is fundamental to accurately gauging associations between constructs, this study uses IRT in the assessment and selection of items from an updated item pool reflecting new information about transmission (e.g., treatment as prevention) in an effort to further improve the measurement of HIV knowledge as well as identify items for a shorter versions of the HIV knowledge measure.
IRT is a technique to model categorical responses to reflect an underlying latent variable (i.e., HIV knowledge in the current study). As a specific type of more general latent variable modeling tools (Glockner-Rist & Hoijtink, 2003) , IRT allows the exploration of item properties and identification of problematic items. This can facilitate reduced burden on participants by identifying redundant or unhelpful items that can be eliminated from the scale. Similarly, IRT aids identification of problematic aspects of scales (e.g., questions that are too easy or difficult) that, after modification, can improve the overall validity of the instrument. The current study uses a two parameter model where the relationship between each item and the latent variable is reflected by two parameters: discrimination and difficulty. Discrimination represents the association between each item and the underlying latent variable while difficulty represents the probability of correctly responding to an item relative to an individual's estimated latent score. Estimates for these parameters can be used to identify poorly fitting or redundant items in a scale. Furthermore, when comparing composite scores across groups on a multi-item scale, an implicit assumption is made that these item properties are constant across each sub-group (Teresi, 2006) . Differential item functioning (DIF) is lack of invariance of these parameters and must be accounted for before comparing scores across groups. For example, a question with differential item functioning would indicate that individuals in different groups with the same level of the latent trait (i.e., HIV knowledge) could have different probabilities of correctly answering that question. Without accounting for this differential item functioning, composite scores across groups cannot be compared because differing composite scores could reflect a measurement artifact rather than a true group difference (Zumbo, 2007) .
In addition to establishing equivalence across covariates, DIF analysis enables direct comparison of scores across studies that use different versions of a measurement scale. Therefore, pooled analysis of multi-study data, commonly known as "integrated data analysis" (Bauer & Hussong, 2009 ), can also facilitate examination of research questions that could not be answered in the confines of a single study. For example, previous research has suggested developmental differences (i.e., a moderating effect of age) across covariates of sexual risk behavior such as alcohol (Newcomb, 2013) and drug use (Newcomb & Mustanski, 2014b ). Yet, given that many studies of MSM focus on specific age groups (e.g., young or older MSM), few studies may provide a sufficient range of ages or adequate statistical power to examine how the relationship between HIV knowledge and risk behavior differs across age groups. Therefore, the current study leverages the wide range of ages provided in the pooled dataset to examine if age moderates the relationship between risk behavior and HIV knowledge, controlling for any measurement differences across studies.
Accordingly, the aims of the current study are to 1) examine the item characteristics of an HIV knowledge questions from a pool that was updated to reflect new understanding of HIV transmission, 2) test for differential item functioning on commonly studied characteristics conceptually related to HIV knowledge (i.e., age, race/ethnicity, and HIV risk behavior), 3) select items with the optimal item characteristics in effort to remove redundant items and reduce the burden of the measure to participants and 4) leverage this combined dataset to examine the potential moderating effect of age on the relationship between condomless anal sex (CAS) and HIV knowledge.
METHODS

Participants
The current study draws data from 6 distinct studies of MSM. These studies include: Keep it Up! 1.0 (Mustanski, Garofalo, Monahan, Gratzer, & Andrews, 2013) , Keep it Up! 2.0 (Strauss et al., 2016) , InvolveMENt (Sullivan et al., 2014) , Crew 450 (Mustanski, Johnson, Garofalo, Ryan, & Birkett, 2013) , a pilot study for the InvolveMENt study (Wagenaar, Sullivan, & Stephenson, 2012) , and TRACK (Newcomb & Mustanski, 2014a) . All 6 studies focused on health issues among MSM, were performed by the authors' research groups, and included the four following variables: multi-item HIV knowledge measure, a measure of recent condomless anal sex (CAS), race/ethnicity, and age of the participant. Table 1 presents descriptive statistics for age, race, and CAS in each of these studies for participants that completed the HIV knowledge items. These studies employed a wide variety of recruitment techniques ranging from referrals by clinicians, targeted outreach, online advertisements, and peer recruitment. Similarly, these studies utilized substantially different inclusion criteria although all participants were required, with studies including both HIV positive and HIV negative participants. However, full details on participants and recruitment methods from each sample can be found in the respective citations for each study.
Measures
A total of 38 items were used across all studies to examine HIV knowledge. Eighteen of these 38 items were used from Carey and Schroder's (Carey & Schroder, 2002) short form of the HIV-Knowledge questionnaire, which itself is derived from their longer form of this measure (Hughes & Admiraal, 2012) . Other items (i.e., items 19-38) were added in effort to update the measure to include items that reflected new understanding of HIV transmission and more accurately reflect common misunderstandings found in previous research (Mustanski, DuBois, Prescott, & Ybarra, 2014; Mustanski, Lyons, & Garcia, 2011; Mustanski, Ryan, & Garofalo, 2014) . For example, these items include questions on sexual positioning on HIV risk and the effects of HIV treatment on the risk of transmission. Overall, these new questions were intended to measure novel misconceptions in HIV transmission as well as capture the massive change that has occurred in recent years regarding biomedical prevention and treatment of HIV that must also be reflected in the measurement of HIV knowledge. Table 2 displays the wording for each questionnaire item, which items were used for each study, and the percentage of correct responses for each item, regardless of study.
Race was coded as African American, White, Latino, and Other. This four category code was chosen to provide a uniform race code across all studies. Finally, CAS was measured dichotomously if the participant had engaged in any condomless anal sex during the previous 6 months. Again, this dichotomous categorization was chosen to create a uniform code across all 6 studies given the slight variations in time period and wording of questions capturing sexual risk taking behavior. 3
Analytic Approach
Item Characteristics-Item characteristics were examined before moving on to modeling potential DIF. A structural equation modeling approach was used that is mathematically equivalent to traditional 2-paramater IRT approaches (Muthen, 1984) . As discussed, two characteristics of each item are examined using this approach: difficulty and discrimination.
For tests of knowledge such as the one used in the current study, the difficulty parameter indicates the probability of correctly answering an item given an individual's estimated level of underlying knowledge. Accordingly, questions that tend to be answered correctly only by individuals with the highest levels of knowledge have high difficulty while those that tend to be answered correctly by many individuals (i.e., individuals at varying levels of underlying knowledge) are low difficulty items. The discrimination parameter is equivalent to the factor loading. Therefore, it describes the degree to which that item is correlated with the underlying score. Items with high discrimination provide a large amount of information on participant's level of knowledge while those with low discrimination provide less information. Accordingly, a unidimensional confirmatory factor analysis model was constructed using all 38 items to measure HIV knowledge. Estimates for each item's difficulty and discrimination parameter were then examined in conjunction with the total information curve (TIC). Given the nature of using multiple studies with many nonoverlapping items (i.e., missing data by design), maximum likelihood with robust standard errors was used for estimation. As such, we are unable to compare absolute model fit indices that are common in many psychometric evaluations of questionnaires and instead we focus on the parameter estimates themselves in our analysis of the performance of each item rather than measures of overall fit. Maximum likelihood with robust standard errors also has desirable properties with regards to missing data and tends to out preform other traditional methods for handling missing data such as list or pairwise deletion (Allison, 2003) .
Differential Item Functioning-DIF was modeled using a series of multiple indicator multiple cause (MIMIC) models (Finch, 2005; Jones, 2006) , a structural equation modeling approach to identifying DIF. This approach explores DIF by assessing the association between independent variables (i.e., sources of DIF) and factor loadings/intercepts while simultaneously controlling for the effect of the independent variable on the underlying latent trait. Two main types of DIF are examined in the current study. First, uniform DIF describes bias in the difficulty parameter. Uniform DIF suggests that the likelihood of answering that specific item correctly varies across levels of the independent variable even after controlling for overall levels of the latent trait. For example, if an item showed age based uniform DIF in the current study, this would indicate that participants of different ages are more or less likely to correctly answer that specific item even after controlling for their estimated level of HIV knowledge based on their responses to the other items. Using the MIMIC method, uniform DIF is modeled by examining the direct association between the independent variable(s) and each item. Second, non-uniform DIF describes bias in the discrimination parameter (i.e., factor loading). Non-uniform DIF indicates that the item is a stronger or weaker indicator of the underlying latent trait across levels on the independent variable. In the current study, age based non-uniform DIF would indicate that the specific item is more strongly or weakly correlated with the underlying latent trait among differing aged participants. Using the MIMIC method, non-uniform DIF is modeled by regressing the item on an interaction between the latent variable and the independent variable. Therefore, this interaction term indicates if the relationship between the latent variable and indicator varies across levels of the independent variable. Using this method, DIF is iteratively examined by regression one item at a time on all sources of DIF. Accordingly, the MIMIC method results in a very large number of statistical tests given that a significant test is performed for each independent variable for each type of DIF on every item (i.e., number of sources of DIF * types of DIF * number of tests items). In the current study, the Benjemini-Hochberg procedure (Benjamini & Hochberg, 1995) was used to control false positive rates given its superior performance over more traditional methods such as the Bonferroni method (Thissen, Steinberg, & Kuang, 2002) . Other modern methods, such as scale purification (Wang, Shih, & Yang, 2009) , were not chosen given that little previous research has been conducted using IRT on HIV Knowledge and therefore no "anchor" items could be identified a priori.
Two main sources of potential DIF were examined in the current study: DIF associated with our main independent variables of interest (i.e., age, race, and HIV risk behavior) as well as cross-study DIF. Simultaneously modeling DIF in our explanatory variables as well as crossstudy DIF allows us to examine our research questions (i.e., if our independent variables show DIF across items on the HIV Knowledge scale) while also controlling for discrepancies of item characteristics that may have arrived solely from differences in administration, sampling, or other features that varied across studies and thereby confound the observed DIF in our main variables of interest.
Item Reduction-Following the review of item characteristics, item characteristic curves, information curves, and the results of the DIF analysis, items were then selected to be retained in the reduced form of the scales. More specifically, Items were chosen based on three criteria. First, does the item have a statistically significant and strong discrimination to provide substantial information on the underlying scale? Second, does the item represent a breadth of difficulty that is underrepresented in the scale overall? Third, does the item show robustness to variability in age, race, and risk behavior? Based on these criteria, items were selected and a final unidimensional model with the remaining items was examined. This included modeling the effect of each independent variable and study effects on the latent factor after controlling for any remaining DIF.
Age as a moderator of the association between CAS and HIV Knowledge-
Finally, the lack of consensus regarding the association between risk behavior and HIV knowledge in previous research may be partially explained by variation in this association across a moderating variable. Therefore, we can leverage the integration of data across multiple samples to provide a much larger range of ages to directly compare the association between CAS and HIV knowledge by age groups. Accordingly, the final model will examine this association by modeling the interaction between Age and CAS on HIV Knowledge while controlling for variation HIV knowledge measurement across studies (through DIF analysis). Table 3 displays the difficulty and discrimination parameter for a single factor model with all variables included (Model 1). For the discrimination parameter, all but one item (i.e., item 35) had a significant discrimination parameter suggesting the vast majority of items were significant predictors of the latent variable and were informative to the model. The items providing the most information were items 25 ("Everybody who has HIV knows they have HIV"), 20 ("If you only have sex once with a partner, you cannot get HIV from them"), and 23 ("Using an enema or douching after anal sex will prevent HIV infections"). The significant loading items that had the lowest discrimination and provided the least information were items 17 ("A person can get HIV from oral sex"), 33 ("A women can get HIV if she has anal sex with a man"), and 24 ("Latex condoms protect against all sexually transmitted infections").
RESULTS
Item Characteristics
Ignoring the poor fitting item 35, all item difficulty parameters fell below the mean (i.e., latent score of zero) indicating that most items were relatively easy to answer. This concurs with the finding that most items were correctly answered by most participants (e.g., see correct percentage in Table 2 ). This also indicates that the scale provides the most information for participants who are below the mean in their knowledge of HIV, as indicated by the total information curve for the full scale and factor scores with a left skew ( Figure 1 ). Again excluding item 35, items with the highest difficulty were 30 ("When using condoms during sex it is safer to use water-based lubricants than oil-based lubricants), 12 ("A natural skin [lamb skin] condom works better against HIV than does a latex condom"), and 29 ("A person cannot get HIV from having sex with someone who is HIV+ but has an undetectable viral load."). Items with the lowest difficulty were 4 ("A person can get HIV from having anal sex"), 38 ("HIV is not a real health issue"), and 14 ("Having sex with more than one partner can increase a person's chance of being infected with HIV").
Differential Item Functioning
DIF was examined using an iterative approach by separately regressing each item onto all sources of potential DIF (i.e., age, race, CAS, and dummy codes for study). Subsequently, all p-values for parameter estimates for both sources of DIF were examined against the Benjemini-Hochberg adjusted p-value for multiple comparisons. P-values that were lower than the Benjemini-Hochberg adjusted p-values were considered significant sources of DIF. Using this threshold, nine items showed significant DIF on 12 different parameters. Furthermore, all significant DIF was study based rather than from the substantive independent variables. Compared to Crew 450, the InvolveMENt Pilot study showed a significantly lower difficulty parameter for items 2 (DIF estimate = −1.21, SE = 0.27) and 4 (DIF estimate = −2.36, SE = 0.35) as well as significantly higher difficulty for item 9 (DIF estimate = 0.98, SE = 0.24). Also relative to Crew 450, the InvolveMENt study showed significantly lower difficulty for item 3 (DIF estimate = −1.28, SE = 0.36) but higher difficulty for items 9 (DIF estimate = 1.10, SE = 0.30) and 15 (DIF estimate = 1.25, SE = 0.32). Item 10 showed significant DIF on the discrimination parameter when comparing KIU 1.0 (DIF estimate = −2.00, SE = 0.53) or TRACK (DIF estimate = −2.28, SE = 0.61) to the discrimination parameter in Crew 450. KIU 2.0 also had a significantly higher difficulty parameter for item 27 (DIF estimate = 1.11, SE = 0.31) compared to KIU 1.0. Finally, InvolveMENt Pilot had a significantly lower discrimination for item 4 (DIF estimate = −1.01, SE = 0.28), InvolveMENt had a significantly lower discrimination for item 7 (DIF estimate = −1.081, SE = 0.31), and TRACK had a significantly lower discrimination for item 11 (DIF estimate = −2.25, SE = 0.62) relative to Crew 450.
Item Reduction
Following examination of item characteristics and DIF analysis, we proceeded to select a reduced pool of items based on those that provided the most information on HIV Knowledge, represented a wide range of difficulty, and showed minimal to no sign of DIF in the full scale. Retained items can be found under Model 2 and Model 3 within Table 3 . For Model 2, most items were retained because they had the highest discrimination parameters (items: 7, 11, 13, 16, 19, 20, 21, 23, 25, 36, 37) , four items were retained because they had the highest difficulty (items: 12, 24, 29, 30) , and two items (items: 8 and 28) were retained given the importance and potentially evolving nature of the question topics. Finally, in effort to make a short form of the scale that would substantially reduce the length of administering the survey, Model 3 included six items. In effort to maintain a breadth of difficulty and total information, four items were selected with the highest discrimination (items: 13, 20, 21, 25) and two items were selected with the highest difficulty (items: 12, 30). Comparison of the total information curves and estimated latent trait scores provided in the full model versus the two reduced can be found in Figure 1 . Estimates for the discrimination and difficulty parameters in both reduced item models can be found in Table 3 .
Reduced Models and Covariates
We also examined the association between all covariates and HIV knowledge for both of the reduced models, controlling for cross-study DIF in Model 2. Path coefficient results for Model 2 (Table 4 ) indicated that White (γ = 0.51, p < 0.001) and other race (γ = 0.21, p = 0.043) but not Latino (γ = 0.14, p = 0.067) participants had higher estimated levels of HIV Knowledge compared to African American participants. Older participants also had higher estimated levels of HIV Knowledge (γ = 0.03, p < 0.001) as did those reporting CAS (γ = 0.12, p = 0.023). Similarly, results for Model 3 indicated White (γ = 0.51, p < 0.001) and other race (γ = 0.25, p = 0.045) participants had higher estimated levels of HIV but no significant difference was found between Latino (γ = 0.17, p = 0.050) participants compared to African American participants. Older participants also had higher estimated levels of HIV Knowledge (γ = 0.04, p < 0.001) but no significant difference was found between participants reporting CAS (γ = 0.11, p = 0.057).
Age as a Moderator of the association between CAS and HIV Knowledge
Finally, using each reduced model (Model 2a and 3a) we also examined the potential moderating association of age on the relationship between CAS and HIV knowledge (Table  4 ). For Model 2a (i.e., 17 items), results indicated that the interaction term was significant (γ = 0.02, p = 0.012) suggesting that the association between CAS and HIV knowledge varied by age. Furthermore, age continued to have a direct association with HIV knowledge (γ = 0.03, p < 0.001) for those who did not engage in CAS. Looking more specifically for variation of the relationship between CAS and HIV knowledge across different age groups (Figure 2a) , results indicated only individuals significantly above the mean age (i.e., ≥ 50 years old) tended to have a statistically significant positive association between CAS and HIV knowledge, while participants under the age of 20 had a small statistically significant negative association. The results for Model 3a were similar but the interaction term did not remain significant (γ = 0.02, p = 0.061). However, Figure 2b indicates that the point estimate of the interaction largely remained the same.
DISCUSSION
This study examined the psychometric properties of an HIV knowledge scale using a combined dataset from 6 different health related studies of MSM and proposed two reduced versions of the HIV knowledge scale based on the psychometric properties. The results indicated that most test items held up to psychometric testing with strong loadings on the HIV knowledge latent factor. However, the scale lacked substantial variability in item difficulty with all item difficulty estimates being below the mean latent score (i.e., items tended to be easy). The consequence of this lack of difficult items was a large negative skew of factor scores with the scale being less able to distinguish between participants on the higher spectrum of HIV knowledge and a subsequent restriction in range in estimated scores for participants with above average HIV knowledge. This finding concurs with previous evaluations of an HIV knowledge scale (Gomes, Batista, Ceccato, Kerr, & Guimarães, 2014) . Accordingly, our analysis suggests that novel items are needed in effort to capture the full spectrum of HIV knowledge that exists among US MSM. Furthermore, to the extent that restricted range of total scores distorts true variability in HIV knowledge, it is possible that the lack of difficult items also distorts the relationship between HIV knowledge and other important variables such as sexual risk behavior.
At the item level, the most useful (i.e., higher discrimination and/or difficulty) items tended to be those that did not focus on a specific form of transmission. Rather, informative items tended to be more subtle questions such as contrasting potential risk reduction techniques (e.g., item 12: A natural skin condom works better against HIV than does a latex condom), inquiring about types of situations where a certain transmission would put an individual at risk (e.g., item 20: If you only have sex once with a partner, you cannot get HIV from them) or were unrelated to transmission altogether (e.g., item 25: Everybody who has HIV knows that they have it). Accordingly, it is likely that more sophisticated questions regarding the transmission, prevention, and treatment of HIV are required in order to assess the full breadth of HIV knowledge and provide the most informative items. For example, items that require nuanced understanding of pre or post-exposure prophylaxis may prove particularly useful for distinguishing those with higher levels of HIV knowledge.
We also proposed two shortened versions (i.e., 17 items and 6 items) of the HIV knowledge scale identifying items to be included in these scales based on the IRT analysis. While both reduced versions provided reduced total information and less nuanced estimation of factor scores (Figure 1a ), both versions also produced very similar associations with the independent variables of substantive interest suggesting the reduced variability did not obscure the substantive relationship. 4 The two exceptions to this were that CAS was significantly positively associated with HIV knowledge in the 17 item scale but not in the 6 item scale and, similarly, the interaction between age and CAS was also no longer significant in the 6 item scale. However, this discrepancy was likely because only 2 items (Items 12 and 13) of the 6 item scale were measured in the study (i.e., InvolveMENt Pilot) that had the oldest participants with the strongest association between CAS and HIV knowledge. Therefore, the change in significance for these associations can likely be explained by the decreased reliability of measuring HIV using two items and the subsequent attenuation of associations due to increased measurement error (e.g., three items are generally required to identify a latent variable measurement model). Nonetheless, one of the most common issues with item reduction is obscuring the underlying content of the previous longer form ( Goetz et al., 2013) and the continued lack of breadth in item information (i.e., restricted range of item difficulties) in the reduced version likely remains more problematic than the reduced total item information. Accordingly, the addition of items with broader levels of difficulty remains an important objective of future research.
The study also examined sources of DIF such as age, race/ethnicity, and CAS. Within studies, the items appeared rather robust against item parameter non-invariance on common covariates of HIV knowledge. This suggests that our participants generally responded similarly to these items and these results should provide some reassurance to researchers attempting to compare disparate groups on their levels of HIV knowledge using these items. However, it should be noted given this study's focus on US MSM, DIF analysis should be performed before comparing composite scores across subgroups of other sampled populations. Without performing DIF testing, the validity of group comparisons cannot be established given that differing item properties across groups could bias estimates of total scores.
The finding that CAS was positively associated with HIV knowledge among older participants also merits further discussion. While it is unclear what may cause a positive association between CAS and HIV knowledge among older participants, research has increasingly focused on the lack of a negative association between HIV knowledge and risk behavior. For example, given the widespread and longstanding public health prevention efforts to educate MSM about HIV, deficits in HIV knowledge may be less likely to explain remaining differences in risk behavior (Skinta, Murphy, Paul, Schwarcz, & Dilley, 2012) . Accordingly, we suspect that a confounding variable (e.g., optimism about the efficacy of biomedical prevention and treatment) among older participants is most likely responsible for the positive association witnessed between HIV knowledge and CAS. For example, CAS may not be the ideal indicator of HIV risk behavior among older MSM with high levels of HIV knowledge given the many ways in which these individuals may practice safer sex (e.g., sex with a regular partner known to be HIV-negative) and recent biomedical advanced to HIV prevention (Jin et al., 2015) . Nonetheless, future research should further explore why participant age among MSM may moderate the relationship between HIV knowledge and risk behavior. Similarly, other potential moderating effects such as race/ethnicity should be explored and may provide much needed nuance to the exploration of the association between risk behavior and HIV knowledge.
The current study also found that African American participants had lower estimated HIV knowledge scores as compared to white and Latino participants. This finding concurs with limited previous research suggesting that, among both the general population (Ebrahim, Anderson, Weidle, & Purcell, 2004) and MSM samples (Garofalo et al., 2015) , African American participants tended to have lower scores on HIV knowledge. Given the substantially greater burden of HIV incidence experienced by African Americans, particularly among MSM (Prejean et al., 2011; Sullivan et al., 2015) , targeted HIV knowledge interventions may be appropriate and such interventions may be particularly valuable in underserved areas where substantial misinformation regarding HIV may be most likely to be present (Djokic et al., 2009) .
One unique aspect of an HIV knowledge scale, in contrast to more traditional psychometric measures, is the constantly shifting landscape of HIV prevention and intervention knowledge. Many relevant aspects of HIV prevention and treatment have changed considerably since the period when most HIV knowledge scales were initially developed. Additional refinement of these measures will be required as our understanding of HIV prevention and treatment of HIV continues to evolve. In fact, the evolving nature of the HIV epidemic may explain some of the extremely easy items that remain in many HIV knowledge assessments (e.g., item 2: A person can get HIV by sharing a glass of water with someone who has HIV.). While originally intended to accurately gage incorrect beliefs in HIV transmission risk, few people may continue to endorse these items given the accumulation of public knowledge of HIV and the continued promotion of HIV knowledge by health authorities, thereby rending these items less and less useful.
However, public knowledge of HIV varies considerably from one group to another (Peltzer, Matseke, Mzolo, & Majaja, 2009) . Accordingly, one possible avenue for further investigation is the use of specific HIV knowledge scales, or subscales, for specific populations (Hughes & Admiraal, 2012; Oglesby & Alemagno, 2013) . For example, knowledge appears to be much lower among MSM in middle and low-income countries (Adam et al., 2009 ) as compared the current sample and other studies with similar samples of US MSM (Wagenaar et al., 2012) . Accordingly, the addition of more challenging questions regarding HIV knowledge may be less necessary in subpopulations such as MSM in lower or middle-income countries that display more variability in responses to existing measures of HIV knowledge.
Limitations
The current study had a number of limitations. First, while the study attempted to follow guidance on best practices in IRT, DIF analysis (Hambleton, 2006) , and item reduction procedures (Goetz et al., 2013) , there are areas where the current study falls short of these recommendations. For example, the study does not include replication of IRT analysis of the reduced item scales in an independent sample. Consequently, it is possible the item properties estimates would change in other similar samples of MSM. For example, the item properties that were found especially problematic (i.e., low difficulty) may be specific to the MSM samples used in this study. However, this finding concurs with several international studies that indicated low item difficulty of HIV knowledge questions across a wide range of participants (Aaro et al., 2011; Burke, Fleming, & Guest, 2014; Gomes et al., 2014) suggesting low difficulty is a problematic aspect of HIV knowledge scales in many populations. Second, despite these similarities with previous studies, other aspects of the item properties almost certainly vary from one group to another and inferences derived from these item properties (e.g., selecting ideal items for a reduced scale) are likely to change when studying other groups. For example, some items in the current scale were focused on transmission of HIV to women (e.g., "A women can get HIV if she has anal sex with a man") and these items may be more informative in other populations. Third, item reduction necessarily includes subjective assessment of items and other researchers could have reasonably come to differing conclusions. Because of this, we suggest these reduced set of items as a guideline for future studies of HIV knowledge and recognize that other item combinations could be used, although empirical assessment of items should be used to guide this selection. Fourth, the assessment of associations between HIV knowledge and independent variables was limited by those variables that were consistent across all 6 samples. Accordingly, given the somewhat limited assessment of associations between the short forms and other variables, the criterion, discriminate, and convergent validity of these reduced scales could not be confirmed and future studies would be required to confirm the shortened versions maintain the same rigor of the previously validated versions. In addition, important variables may also have been left out, such as socioeconomic status, that could serve as important covariates of HIV knowledge. Fifth, a single study (Crew 450) utilized a modified version of respondent driven sampling and it is possible that un-modeled dependency across individuals could bias standard errors. Nonetheless, the inclusion of data from five other studies which did not employ peer recruitment suggest this limitation was unlikely to substantially impact our results. Similarly, despite the wide range of recruitment techniques employed within these studies, these studies do not represent a probability sample of MSM and should not be interpreted as such. Finally, the mean age for the entire analytic sample was 26.8 with few participants being below 18 or above 50, despite the importance of these populations for recent increases in incidence of HIV (CDC, 2016) . Future studies should explicitly examine the applicability of HIV knowledge scales to these age groups, particularly given the interaction between age, CAS, and HIV knowledge witnessed in the current sample. In addition, they should examine other potential important moderators of this relationship, such as race or ethnicity.
Conclusion
HIV knowledge remains an important aspect of many studies of HIV and as an outcome for HIV preventive interventions, despite the continued lack of clarity in the association between HIV knowledge and HIV risk behavior. Nonetheless, valid measurement of HIV knowledge is the foundation to accurately understanding associations with this knowledge and examining change in knowledge over time. In this study we assessed the item characteristics of traditional and novel HIV knowledge items and proposed two shortened versions of this scale. Future studies are essential to validating the shortened versions and further development of this scale, such as the addition of more difficult items, is required to accurately gauging the full range of variability in HIV knowledge. Finally, the variation in association between HIV knowledge and CAS remains an important area for future research, particularly to inform studies or interventions that target specific age groups of MSM. Table 4 Predictors of HIV Knowledge in both Reduced Models <0.001
Note. Bolded values have p < 0.05
